CIRCULATORY SYSTEM

General pattern of circulation in vertebrates

FISHES AMPHIBIANS REPTILES (EXCEPT BIRDS) MAMMALS AND BIRDS
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Systemic circuits include all body tissues except lungs. Note that dirculatory systems are depicted as if the animal is
facing you: with the right side of the heart shown at the left and vice-versa.



2. Expiration. Next, the mouth is closed by
the action of addoctor muscle. At the saine tme
the comstrictor and ioterbranchial muscies contract
rusing the floor of pharynx and  reducing  iis
volume, As o result, water 15 forced into gill
pouches, over the gill lameflae, and out through
the open externzl pitl shis.

The spiracles  are occasionally  used as
accessory  pathways  for entry  of  water  for
respiration,  imsicad of the mouth, when it is
occupicd otherwise.

{L1I] Physiology of respiration

Each gill lamella has an extensive system of
sinusnids  which recelve venous blood from an
afferent branchial artery and pass iU on o an
efferent or epibranchial artery, During the passage
of bloed  through  this  petwork, it hecomes
oxyvgeraled. Fresh sea water entering the gill
pouches contains O, dissolved in . This @,

passes by diffusion through the thin membranous
and permeable capillary walls into blood, At the
(£-3)
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(A) Cartilaginous fishes

B

Blood Vascular System

The system  comprises 4 parts
(1) Heart and pericardium, (ii) arteries, (it} veins
and {iv) blood.,

circulatory

[I}] Heart and pericardium

and other fishes, heart of
Seoliodon receives vencus blood only  which it
pumps inte gilis for aeratien. Such a heart s
called a venous or branchial heart (Figs. 16-18).

1. Position. The heart is situated mid-ventrally
in head bencath the pharynx, supported below by
the coracoid cartilages of the pectoral girdle. It
lies within the pericardial cavitv in a two-layered
membranous pericardim.

2. Structure. Heat 15 a  reddish-brown,
muscuiar and dorso-ventrally bent, S-shaped tube
differentiated into a series of 4 chambers @ sinny
veresus, auricle, vemtvicle and  conuy  arteriosus,
arranged in tandem formation. OF these only two,
the auricle and ventricle, are considered to be truc

As in cyclostomes

Gill
capillaries

Body
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Figure 42
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{a) Sirus venosus. It is the mast posterior
chamber. Tt is trangulae elastie, thin-walled  and
extending transversely across the posterior wall of
pericardium 1o which it is fused. It receives
vepous  blood  theoegh  owo large Calied
ducius Cuvieri, laterallyy one on either side, and
through a pair of kepatic sinuses posteniorly. Apex
of sius venosus opens antenorly into auricle by a
simu-atriad o sinu-auricular  aperfure which s
guarded by a pair of membranous valves which
prevent hackward flow ol blood. It is highly
contractile and the beating of the heart originates
from this part of the heart,

(b} Awricle. The atriant of auricle lies in front
of sipus venosus dorsally upon the ventricle. It is
a large, tmangular sac moederately muscular and
with walls thicker than those of sinus venocsus, Iis
two lateral sides projecting beyond the veniricle
appear like ears. It opens into ventricle through an
auriculo-ventricular gperture also guarded by lwo
pocket like valves to prevent backward flow of
blood.

fc} Ventricle, Ventricle is the most prominent
and pear-shaped chamber of heart. Relatively small
in size iU has very thick muscular walls since 1t
must propel bloed to all parts of body, From the
wall project intermally numerous muscular strands
thus giving it a spongy lexture, Chordae tendineae
are altached to opposite walls 1o prevent ventricie
from expanding beyond ifs capacity.

(d) Conus arterivsus.  Ventricle  lapers
anteriorly into a stou! and  muscular  twbe, the
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comtiey arteriosys. Caviey of conus contmins  two
transverse rows of semilunar valves to block the
regurgitation o buckward  flow  of blood into
ventricle. Bach row has three valves, one dorsal
and  two  ventro-lateral  in position. A small
accessory valve is also present on either side of
cach dorsal valve. Anterior valves are larger than
the posterior ones, After perforating the anterior
wall of pencardiwmn the conus continues Jorward
as the ventral aorta

3, Working. Sinus  venosus  and
constitute  the rmeceiving chambers of the hean.
Whereas, ventricle and conus arteriosus constitute
the forwarding part of the heart, Heart of
Scolivdon receives only deoxygenated or venous
blood (venous heart). In a complete circuit of
body, the blood passes through heart only once
(sengle corculationy. Heart works like a muwscular

auricle

pismp Tor pumping its venous blood to the gills for
o achieve this, different parts of the
heart rhythmically contract at regular intervals and
in a deflinite succession, first sinus venosus, then

then

aeration,

auricle, ventricle and  finally  the conus



artericsus,  Each  contraction, called  sysrele, s
followed by a relaxavon, called digstole. Different
valves of the heant serve to prevemt the hackward
flow of biood into preceding chambers through the
apertures that they guide. The walls of the heamn
are  supplicd oxygenated bicod through special
coronary arleries.

Atrium

Bulbus

Conus
arteriosus

SHARK;,

Heart of cartilaginous fish

(B) Bony fishes

T e bloo wvascular system and  physiology  of
cirsulatiom  are  practicatly e same as in ihe
dogfish Scoliodon. The 2-chambere. hearr lies in
an antenior portion ol coclom, the pericardium,
beneath  pharynx. large and
spongy and bears a pair of laleral appendages
characteristic of cyprinon fishes inclu _ing Labeo,
It opens into  thin walled awricle, thenee  into
thacke-willed vemtricle, all having valves o prevent
reverse flow of blood, Cones arteriosus is absent.
Instead, an enlargement of ventral  acrta,  the
Pate budfney wrterioyuy is present. 5" ort ventral
aorta distributes  blood  to gill  capillaries  for
oxygenation by 4 paws of affereer branchial
arteries. Qxypenaled blood s collected by 4 pairs
of efferent branchial arteries into  dorsal aorta
which sends branches to all parts of the head and
body, Pronciyal eefes fclodc | aiicd  aserl 10 arsd
postenor  cardinals,  Hepatic and  renal  poral
svstems are both present. The eryvtfuecyres of hony
fishes are comsiderably  smaller than  those of
cartilaginous fishes and nucleated. Bleod s pale
colored fluid in whichery throcytes and amehoid
leucocytes are found suespended.

Simns  verosks s

arteriosus

Atrium
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Heart of bony fish



Amphibians
Blood-Vascular System

The blood vascular or circulatory system of frog is
closed and mcludes @ (1) heart, (i) arterial system.
(iii} venous systerm, {iv) blood, and (v} Jymphatic
system,  Its cheel fupction 1s to wansport  all
necessary  liguid and  gaseous  materials 1o the
living tissues and also o bring away from them
the liquid and gaseous wastes of metabolism o
argans of elimination,

[T] Heart

The muscular heart s the central pumping station
driving  blood  through  the  olosed  circulatory
system (Fig. 20,

1. External features. The theart ey
mid-ventrally nside the anterior frunk  region
protected by the pectoral giedle, It 15 reddish in
colour and somewhat conical or tnangular in shape
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fa) Pericardium. The heart lies enclosed by a
thin, transparcnt, Uwo-layercd sac, the pericardinerm.
The  outer  wall of  percardiom,  pariefal
pericardivm  and inner one which closely invests
the heart, called wiseerdd pericardinm. The narrow
cavity between twp pericardial lavers conising o
watery pericardiel Twid which protecis the heart
from friction or mechanical shocks, kKeeps it moist
and pormits i movemnents.

(k) Chambers wf heari. Frog's heari 15 a
J-chambered strocture,  made of two  anternior
dark-volowred atrie or aurfcles, nght and left, and
a single  posterior  conical  and  pink-coloured
ventricle.  The e auricles  are externallby
damarcatad by a VETY Faint longitadinal
irnrer-aurfcular groove. However, the two auaricles
are clearly marked off from wventriclie by o narmow
transverse  auriculo-venricular proove OF  coreaey

Kielops,
The heart af {frog  has  two  addirioned
churmibrers © Sinuy vesosny and frnercns et rfowie

Simns venosey 15 a dark-coloured, tdnnewallod aod
triangular chamber attached dorsally to heart. Boas
formeed by the anion of three large caval wveins,
two antericr precavals and onc posterior postoaval.
Truncws arteriosus arising antenorly froam the right
wventral side of wventricle, i1s a tubular chomber b
immrediately bifurcates anteriorly into two branches
o trunks, each further breoking iote three arches
caritid, systemic and pulmocutancous.



2. Internal structure. The internal structure of
heart section. It 15 hollow  and
museulor. The vorious chaombers are coparated by
valves w0 keep the bleod flowiag in one dircction.

fa) Anricles. T_o two anricles, rig't and lefl,
are thin-walled and completely se-arated {rom
cach other by a thin vertical inter-awricular
sepram. Right auricle is larger than the left. Sinus
venosus opens  nio dorsal wall of right auricle
through a lwrge  wransverse  oval  aperture, the
snw-airicalar aperture, It lies medially close ©
the interauricular septum and guarded by a pair of
[tap-like walves. Similarly. the common pulmonary
auricle, onoar septu._. by a
small opening without valves. Both auricles open
inty single  veniricle by a4 common  large
airictlo-ventricular aperiure guarded by two pairs
af flap-like anrcula-ventricular valves,

(b} Veniricle. The venimicle has thick muoscolar
and spongy wall. Its inner surface has irregular
strands  of ndges, the  columuae  carmeae  or
trabeeufae, with depressions called fissures. These
greatly reduce the cavity of veniricle. The flaps of
avriculo-ventricutar  valves are connected w0 the
wall of veninele by thread-hike chordar rendineae.

ey Trencus  arteriosus. The opeming  of
ventricle o truncus arteriosus s poarded by 3
semilugar valves {4 according o Sharma, 1957
which prevent back flow of blood from truncus
ventricle,  The spirallv  twisted cavity  of
truacus artefiosas i5 divided uneguatly by another
sei of 3 semilunar valves long  hasal
thick-walled conas areriosus or pylangium and a
short distal  thin-walied  balbows  aona or
svncmginnt,. A large  twisted  longitudinal  spival
vafve further divides incompletely the cavity of
conus or pvlangiom  into a left dorsal
right  ventral
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aarticum. The spiral valve @5 attached  dorsally
while its  wentral edge s free. The common

opening  of two  pelmecelaneous arches lies in
cavim pulmocutaneum, while separate openings of
carolid and  systemic  arches lic in svnangium.
However, in Rana  igring,  Shanma {1957
describes a joint opening Tor syslemic and carofid
arches. All these openings are guarded by valves.
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The distal right and left branches or wunks appear
cxternally to be single vessels but internally, each
15 made of 3 channels wluch eventually iorm three
separate arches on either side (Fig. 210

1. Working of heart. Heanl s a muscular
organ which constantly beats during life  under
nervous contrel to pump blood into the circulatory
system.,  Contraction  of heart 15 called  svsiode,
while its relaxation is termed diasrole. Different
chambers of heart contract in 2 regular sequence
and the valves present, prevent the back flow of
blood,  When  smus veposus contracls, s
ponoxygenaled venous blood is forced into the
right auricle through sinuavricular aperture. Mean
while the oxygenated blood from Jungs i poured
into left auricle through common pulmonary vein.
The two  auncles  now  contract  alimost
simultaneously  Torcing  their blood imin ventricle
through the single auriculo-ventricular aperture.

fa) (Md view, According to the conventional
alder view {Brucke, 1858), the ventncle conbained
only deoxygenated blood in its right side received
from rmight auncle, and only oxvgenated blood in
s left side received from left aurcle. with some
mixed blood in the middle region. The two kinds
of  blood any  great
because of their viscous nature and also because
of the spongy nature of ventricle due 1o the

could not mix o cxtent



REPTILES
Blood Vascular System

The blood wvascular or circulatory system  of
Liromassiv is closed and consists of - (i) the hear,
{ii} arterial system, (1} venous sysiem, and
{iv} blood.
(1] Heart

The heart of lizards {(Uromastix) s typically
reptitian  and  more  advanced than  that  of
Amphibia (Figs. [0-[3).

1. External! features. The  heart lies
midventrally and forward in the thoracic cavity,
below the stermum. It iz reddish in colour and
roughly triangular in shape with its broad base,
directed forwards and the pointed apex backwards,

{a) Fericardium. The heart lies protected
within a two-lavered, thin, transparent sac, the

pericardium. The two layers of pencardial sac
enclose a narrow pericardial cavity containing a
watery  pericardial  fluid,  which  allows  free
movements of the heart and also protects it from
shocks and mechanical injuries. The apex of the
heart remains attached to pericardial wall by a
small cord, the gubernaculum cordis, which keeps
the heart 1n position,.

(b)) Awpricles. The heart itsell i= a three
chambered organ, made of two anterior auricles or
atria und a posterior vemiricle. A fourth accessory
chamber, the sinus venoswy, is attached dorsally
upon the auricles. The right and left auricies are
fainmtly demarcated from one anocther by a
longiudinal  interauricular  groove. The right
auricle gives off a small sac-like diverticulum from
its antero-medial border on the dorsal side. The
diverticulum is a normal feature of the heart in
certain lizards, but jis funcdon is unknown.

{) Venmiricle. The wventricle §s a conical and
highly muscular chamber. It is distinctly marked
off from the auricles by B’ Iransverse
awricelo-ventricular groove of coromry  sulcus.
The apex of ventncle is obiwsely rounded and ted
o posterior poricardial wall by a well-developed
hpamentous  cord, the gubernaculuam cordis, It
penetrates the pernicardium and reaches the upper
margins & the lwer. The left lateral surface of
ventrcle is evenly comvex, while s right lmeral
surface shows a slight concaviry.
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{(d} Sinus venosus. A large thin-walled and
hilobed chamber, called sinus venosus, is attached
transversely over the dorsal surface of the 1wo
auricles. It 15 formed by the union of the two
precaval  veins and one  poswaval vein. They
collect  deoxygenated blood from the body and
open  into  sinus  venosus by  three  separate
apertures. A constriction  divides  sinus  venosus
externably into a larger right lobe and a smaller
left fobe. The sinus venosus s attached mtimately
with the right awricle becavse 1t opens into
through a simec-auricular of sing-atrial aperiire.

J-puimonary arch

Gubermaculum canlis
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2. Infernal structare. The inner struciure of
the heart is wisihle in its scotion,

fa) Awricles. The twio awncle:s or atria ane
thin-walled chambers completely  separated by oo
i, muscular and wverlical Praartifpe, the
iter-auriculor  sepoenr, s anterior  end  remains
attached o the wall of the awricles, but the
posterior end projects freely into the vemricle, The
inner fining of awncular wall forms a network of
low muscular ndges compared 10 suwevculi pectinate
of higher veriebrates. The gt awricle is  larger
than the lefi, a disparity commonly observed in
lizards.

The dorsal wall of right acricle. near s
medial border, bears the large oval or fratsverse
slit-like  sraw-auricalar aperinre o sinas veposus
havine thick and masculare Bips. This  aperture is
otien desenbed in the books e be guarded by 1wo
Phap-like walwves, Hut, :ii.'l:.::u'du'lg oy Bhatg 9249,

the sinw-airial valves are absent o Dfrosnarric
Mearehwickii. Inswcad, the thick and muscular lips
serve e kegp the aperiure ondinarily closed, exceps
when the blood is o ke forced throwvgh in ino the
righl suricle.

The  comrmmon pulnyoonary VT, bringing
oxygenatcd blood from the lungs, apens inwo the
anterio-dorsal  wall of the icft auwricle mear the
interaurtcular septum, by a small circular apervare
This aperture  is  wsually devoid of wvalves in
repiilian hearts. Howewer, 1n Uiromasrix hardwickis,
Bhatia {1929 describes a lip-like outgrowih fromm
dorsal avricular wall which acts as a walwve,

The two auricles commmunicate behind with the

venircie, Their rospEClve right and lefi
auric wlo-ventricular  agperfures beooome separaied
e wr  a  backward proflongarion of the
interauricular sepdam into the venwricle.

() Yemtricle. The ventiele is sinzle

vhambered., Tt has thick and muascular swealis. The
inner  surface of veptricular wall  is rsised oo
prominent ridges, called cofurminae carneae, which
ooty reduace the lumen ol wventricle. Tocls
auriculo-venticulbas aperidre is guarded by o single
semilunar flap,.  called the  gwetculo-venrriosedfor
verddve. The two walves are the contimuation of 1he
imter-auricubar septuan inte the  wenaricle,  They
allow the {Tow of blood ooly on one derecion, 1o
fruamne the awrcles o the wventriclte. The free edges
of the wvalwves are connocted Wy the imnor wall b
the ventrecle by Firmn cords, the oftearafore Pesrddinreae



Right side of the venmtricle receives deoxygenated
blocd from the right awricle and the left side
reccives oxygenated blood from the left auricle.
The chordae tendineae form a sort of incomplete
septum ancd keep the blood in the two sides of the
ventricle partially separated,

Three aortic arches, one pulmopary and two
systemic, arise directly and independently from the
lumen of the ventricle, bul not in the same plane.
The conus arterivsus i3 absent. The pulmonary
arch arises ventrally from cavum pulmonale, while
the two systemic arches from cavum  dorsale.
Every arch has a pair ol semiflunar valvey al its
base which allow the flow of blood from the
ventticle to the arch ondy.

3. Course of circulation, Deoxygenated blood
from body s returne t 0 sinus ven sue through
caval wveins. When sinus venosus contracts the
blood is driven into the right auricle through
sinu-atrial - aperture.  Meanwhile, the left auricle
receives oaygenated blood from lungs  through
pulmorary vein, When the two auricles contract,
the deoxygenaied blood from right auricle passes
it rip toside of ventricle {cavum  pulmonale),
while oxygenaled blood from left auricle occupies
the left side {cavum dorsale}. Inspite of the spungy
nature of the ventricular cavily, some mixing of
pure and venous blood may occur. When the
ventricle contracts, venous blood from right side is
driven through pulmonary arch to the lungs.
Simultaneously, oxygenated and partly mixed blood
from left side goes imto systemic arches and
distributed 1o the body. Head receives the purest
blood. The valves prevent backward flow of blood
during contraction.



Systemic arches . BOJY e SiTUS vEROSUS

! .

Left ventricle Sinu-auricular aperturs
fcavum dorsaie) H
£ Right auricle
Auniculo-ventricalar
aperturs A Auncula-ventricular
T apemuTe
Left auricle R I
| . Right ventricle
Pulmonary aperiure {cavum pulmonale)

t

Polmonzry Vel e LOAES . PUIMONGERY arch

Birds
Circulatory System

The circolatory  system s quite comparable, in
strocture, 1o that of other higher vertebrates. Tt
constals of (1) hean, () aneries, (3ii) veins,
Civh byvmphatic vessels and (v) Blood,

1] Heart

The birds show some advance over the ancestral
repliles 1n having a compleiely 4-chambered heart,
with 2 afrin or axricles and 2 vemtricles, as in
mamimals, A SIS VOROYEY OF @ Cornies areriosus i
absent.  The  sinus  venosues 15 said o be
incorporated into the right awricle (Fig. 21
External features. The heart in  birds s
comparatively larger than in other veriehrates. [t
fies in the thoracic cavity, mid-ventrally, ventral to
oesophagus, partly swrounded by the lobes of the
liver, The heart s reddish an colour, It s conical
in shape with the apex drrected buckwards and the
broad base, forwards. It iz enclosed in a than,
transparent and membranous sac, the pericardivm,
which s made of an ower parietal laver and an
toner  visceral laver. The two layers enclose a
narrow  pericardiod  covity, filled with 2 watery
serous 0F  pericardial Mueid, which  protecis  the
heart from  shocks  and  injuries- and  permits
movernents  during beating,  An external  hollow
framsverse  groove, the corsary sfens or the
wrrrewlo-veniricnlar  poove.  scparares  the  two
anterior, darker, smaller and  thin-walled auricles
from the posterior, lighter. bigger and thick-walled
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ventricles, Similarly, a fant tarer-auricular groove
demarcates the two auricles,

Internal structure. Internally, the two thin
walled auricles are separated by a complete, thin
membranous partition, the inter-annicular septum.
It bears in its middie a small oval area, the foss
ovalis, representing the position of the foramen
ovale i the embryo. The two ventricles are also

completely separated from cach other by a thick,
muscular  inter-ventricular The
auricte 15 larger and receives the three larpe Caval
veins, the nght and lelt precavals and  the
posteaval i ats dorsal wall, The opening of the
postcaval 18 guarded by a muscular eustachian
valve. The nght awricle opens o the  right
vemiricle by & crescenite  aperture, the  nglt

seprum. right

auricuto-vemtricular aperture. It 18 furnished with a
parr of strong muscular flaps, without chordae
tendinease, forming the right auriculo-ventricular
valve. In function, it represents the tricuspid valve
of the mammals. The right ventncle, having
thunner walls, partly encircles the left venuicle,
having thicker walls, In a transverse section the
right ventricle appears crecentic, while the left
veptricle appears circular. The right ventricle gives
off a single trunk. the pulmonary aort, which
soon divides into two pulmonary arlenes, each
gomg to a lung. The opening of the pulmenary

trunk is guarded by three semilunar vaives.

The left auricle is smaller and receives four
pulmonary veins frum the lungs. It opens into the
left ventricle by a circular left auriculo-ventricular
aperture, It is guarded by two membranous flaps
fonning the left awricilo-ventricular valve, which
corresponds 1o the bicuspid or mitral valve of
mammals. The flaps are connected to  thick
papillary muscles, arising from the wall of the lefi
ventricle by two chordae tendinege. The left
venincle gives rise 1o the single right mystemic or
aerlic, arch, which is continued into the dorsal
aorta. The left arch, which is present in the frog
and lizard, is absent in birds. The opening into the
aortic arch is guarded by three semilunar valves,
Bars of muscles, called rabeculee or columnas

cameae, traverse the cavities of the ventricles.



Working, The heart is a [orce-pump, which
drives the blood o all parts of the body, As in
mammals, the avian  heart  is  completely
four-chambered, so  that  there 15 complete
separation of arterial and venous bloods, The right
halt receives and discharges only venous, the left
only arterial blood. Thus, birds. like mammals,
possess  a complete  double  cinulation of  the
blood, as follows

() Pulmonary circulation. The right ventricle
pumps venous blood into the pulmonary  aorta
which divides inte the right and left pulmonary
arteries  leading 1o the nght and left  lungs,
respectively. From the lungs, oaygenated blood s
tefurned to the lefl auricle by the 4 pulmonary

VeLis.

(b} Systemic circulation. From left avricle the
blood passes through the left aunculoventricular
valve mio the left veninicle. Thence. o 15 dnven
through the aorla into smaller arteries, which break
up into capillaries and the blood nourishes all the
tssues of the body. The cupillaries uaite to form
veins, which finaily form the three great venae
cavae, which return the impure blood to the right
auricle. From the right auricle it passes through
the right auriculo-ventricular valve into the right
ventricle, where the pulmonary circulaton begins.



Mammals
Circulatory System

The body nceds a transport or circulptory system
for  distnibuting  digested  food,  water, oxygen,
numeraus secretions and waste products throogheout
the body. The chordates have a completely closed
circulatory  system. I includes (1) the  blood
vascwlar svstem, and (i) the lymphatic system. The
biood vascular system consists of closed twbes or

et common carotid arteny

Igamantum anariosum

ght common carotid aforny
OrF ductes afariosus o

imnamieais -
/-/"__r_,,.a-.f:e_ﬂ'tt subclovian

left subclavian

laft precaval - — right precavai~—=

_snight auriche "‘"~..,-r'

_'_'... : _"' III,
: romarn
Lo j/{'gufﬂu.: L

sysiemic anch

laft puimorany

artery lll/ pie
| Y
bty aur.i:ul.: . £ | lengitodinas o F|_"‘"'-—Ir--h“r*rfrr1:mf
4 ".ll ‘;,.- . = TR UG e l; "—_H.? M ; a0
pUtMonany veing }‘ f groave o g ‘“ik
coranay UE“{ {; *_‘ T nght ventrcke =T : it .r

,"’ postcaval BN
= orpestencr B2 R

WeEla Gava T

Iy wintricie

blood vessels (arteries, wveins and  capillaries),
inside which a transporting flwd, the blood,
kept in circulation by a definite pumping orga,
the heart. Thus, the blood vascular system of
rabbit is composed of © (i) the heart, (0) arterial
system, (1) venous system and (iv) Blood,
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|T] Heart

The heart of rabbit lies mid-venirally between the
two lungs inside the median space of the thoracic
cavity, called mediaxtinum,

1. External features. The heart is a small,
pear-shaped, muscular and hollow, four-chambered
organ of reddish colour. It is placed somewhat
obliguely. Its broad base is direcied anteriorly
towards right and the pointed apex posteriorly
towards left,

(a) Pericardivm. The heant i completely
enclosed by a  transparent  thin-walled and
two-layered  sac,  the pericardium  which s
comnected o the ventral thoracic wall and the
posienior diaphragm to keep the heart in posiion.
The two layers of pencardial sac, mner visceral
and outer parnctal, enclose a narmow space. the
pericardial caviry, lilled with a watery pericardial
fluid, which allows free movemnents of the heart

and also prowects it from external shocks and
mechanical injuries.

(&) External division. The heart is exposed on
the remowval of pericardivm. A distingt transverss
groove divides the heart into an apterior smaller
and dark red auricular part and a posterior larger
and paler vensriculor parr. This is known as the
auriculoventricular groove of coronary sulcus.

(c) Awricles. The auricular part is divided inta
right and left guricles of which the left one is
smaller than the right, The mammalian heart has
ne sings venosus which is incorporated  into  the
right auricle. Each auricle 15 produced behind into
a swollen flap, the owricwlar appendiz, which
slightly covers the ventricle of its side.

fd} Vengricles. The wventricular part is  also
divided imio righs and leff ventricles by a shallow
lengitudingl interveniricular groave. It runs behind
from the base of the hewt somewhat obliquely
towards  right.. withowt reaching the apex.
Consequentiy. the right wventricle remains smaller
whereas the lefl  wventricte becomes larger and
forms  the rounded apex of the hea.

The mammalian heart has no corus (Hruncis)
arterinspy, which is merged with the vemircles,
The primitive venfral acrre has also been split in
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such a way that the pulmonary artery leads from
the right ventnicle while the remainder part or

carotico-systemic  aorta  connects  with  the left
ventricle,
Z. Internal structure. The main internal

features of the heart can be seen in its longitudinal
dissection. or removal of s ventral side wall.
Intemally, the hewt is completely four-chambered
divided auricles  and  two
postenior veniricles.

fa} Amricles. The two aguricles or afrig are
thin-walled  chambers, completely separated from
cach other by a thin, muscular and  vertical
parition, the iwer-aurncular  septum. In the
embrva, this septum  bears an opening, called
foramen avale, through which both the auricles
communicate with each other, Bur in the adull,
this aperture is closed and represented by 2 small
eval depression, the fossa ovalis. The inner lining
of auricular wali forms a network of low muscular
ridges. the musenlt peetinar. The Jefit auricle has
thecker walls and s rsther smaller than the ngh
auricle.

mio bwo anmtenor

The nght auricle peceives venous blood from
different parts of the body through two precaval
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and one posicavsl veins, having separate openings.
The opemng of posteaval s guarded by a
rudimentary membranous  fold, the ewsiachian
valve, Mear it hies the remnant of cmbryonic sinus
venosus, catled sinuauricndar node.

The left auncle receives & single common
pulmonary  opening  of ine  puimonary  veins
reluming oxygenated blood from the lungs. It has
nie valve.

Each auricle opens behind into the veniricle of
its side through an awrcule-venrricular aperture,
Each operture 15 puarded by a valve made of a
sneet  of tough  connective  tissue. The  right
ariculo-veniricuiar - valve  consisis of  three
triangufar flaps or cusps and s known as the
tricuspid valve, The leflt auricwlo-ventnicwlar valve
consists of two flaps and 5 termed bicuspid or
mitral valve because of its supposed resemblance
to the muter (hat) worn by the bishops, Flaps of
these wvalves are comnecied 1o columnae cornea,
situpied on the internal walls of ventricle with the
help of chordae tendinae. These valves allow the
flow of blond from auricle 1o ventricle onlv,

fhy  Vemtrivles.  Unlike auncles, the two
ventricles  are very  muscular  and  thick-walled



chambers. They are alse separated completely by a
thick, oblique and vertical fnfer-venivicular septium.
The left veniricle 15 larger with thicker walls and
alimost circular in & transverse seclion. It also
forms the posierior apex of the heart. The right
veninicle is smaller and crescentic 1n a transverse
section. From the inper surface of the ventricular
wall project low, irregular, muscular ridges, called
tle cerlimuae carneae. Besides, there are few large
comcal or mipple-shaped clevations called papilian
muscles. The flaps of the two awriculo-ventricular
valves hang [reely  inle the  ventncular  cavities.
The tree edges of the flaps are attached to
papiflary muscles by fong, fough, white connective
tissue strands, called chondae tendineae, When the
ventricles comtract, these chords prevent the flaps
of  these wvalves from being  inverted into  the
auricular cavities.

Two large arieries anse anderiorly from the
ventricles, the palmconary arch of cora Trom the
right ventricle and the svsreppic arch or acsrin from
the left wentricle. The point where two arches
cross edach ofther, communicate wilh one another
through Ngamentum armeriosum. Each arch or aoria
has at tts base three pocket-shaped or cup-like
semilunar valves, o prevent the backilow of blood
[rom the arch into the ventricle.

{c) Double circulation. The completely
tour-chambered mammalian hecars actually
comprises (wo separate pumps working in union,
The right side of the heart serves as one pump. It
contmns  only venous blood, received from  the
body and sent to the lungs through pulmonary
circulation. The left side of the hean serves as the
sccond pump. It contaings onlv oxveenated blood
received from the lungs and sent o the body
through sviremic  circedation, Thes, there 1 no
mixing of venous and oxvgenated bloods in the
heart, and the blood passes through the heart
twice, onrce along the pulmonary circut and
second time in the systemic circuat. This is known
as the double circulation of blood. This s
characienstic of mammals and binds.



(d} Course of blood circulatien. As already
mentioned, the wvenous blood from the general
body circulatbon 15 returned to the right auricle
through the caval veins. At the same ume the
oxygenated blood from the lungs enters the lefi
auricle through pulmonary veins., Simultanecusly,
the two auricles contract {awricelar  svsiole),
forcing  their bloods  imo  the  corresponding

ventricles  through  their  aunculo-ventricular
apertures, Venous blood from right auricle passes
through tricuspid valve nto nght venincle, whule
osygenated blood from left awricle goes through
bicuspd valve wnlo left ventricle.

As the emptied auncles relax ({auricular
diastole), the two ventnicles contract with sutficient
force  (vemtricular svstole). The great pressure
closes the valves between ventricles and awricles
preventing  backward  flow ol blood into  the
auricles. Al the same tme the semilunar valves at
the ‘hases of aortic arches open. Thus the vepous
blood of rght wentnicle s forced into  the
pulmonary aora and carvied to the lungs for
aeration., The oxygenated blood of left ventricle is
pumped into the sysiemic aorta and distnbuied
throughout the body, When the wventricles relax
{ventricular diastole) the pressure of blood inside
the aortae causes closure of the semilunar valves,








